ADDITIONAL INDEX WORDS. Capsicum annuum, flesh thickness, large fruit size, nutritional value, vitamin C SUMMARY. The present study reports on the effect of humic and salicylic acids on the growth, yield, and fruit quality of three red sweet pepper (Capsicum annuum) cultivars: Barbero, Ferrari, and Imperio. The plants were grown in a greenhouse and the leaves were treated with humic or salicylic acids at 0, 0.5, 1.0, and 1.5 gÁL L1 at 20, 40, and 60 days after transplanting. Foliar application of humic or salicylic acids significantly increased vegetative growth, fruit yield, and quality of the three cultivars as compared with the control plants. However, salicylic acid treatment proved more effective than humic acid treatment. Red sweet pepper plants of all three cultivars sprayed with 1.5 gÁL L1 salicylic acid showed the greatest vegetative growth; fruit yield components, such as fruit number, diameter, and fresh and dry weights; and fruit quality traits, such as vitamin C content, total soluble solid content, titratable acidity, and total sugar content, than the plants in all other treatments. There were significant differences (P £ 0.05) among cultivars in response to humic and salicylic acid foliar application; 'Ferrari' showed significantly higher yield and productivity than 'Barbero' or 'Imperio'. 'Ferrari' plants sprayed with 1.5 gÁL L1 salicylic acid showed the highest fruit weight (202.41 g) and flesh thickness (68 mm), both of which are preferred by consumers, and therefore, have increased market value. This treatment also increased total yield by 27.7% (16.03 tÁha 
T he genus Capsicum is composed of 40 species (The Plant List, 2019) . This genus includes important vegetable crop species throughout the world and many different hot and sweet cultivars, which differ vastly in shape, size, and color, among other characteristics. Red sweet pepper fruit contain high health-promoting bioactive compounds, like phenolics, carotenoids, and antioxidants, such as b-carotene which serves as provitamin A (Arimboor et al., 2015; Ch avez-Mendoza et al., 2015; Emmanuel-Ikpeme et al., 2014; Jamio1kowska et al., 2016) . Consumers judge the quality of sweet pepper fruit by their weight, pericarp thickness, color, and nutritional value, generally preferring fruit that are heavier, thicker, more colorful at full ripeness, and more nutritious (Buczkowska et al., 2014; Jadczak et al., 2010; Jamio1kowska et al., 2016) . The use of natural biostimulants (Mahmood et al., 2017; Paradikovic et al., 2011) , foliar feeding (Haytova, 2013) , and plant growth regulators (P erez-Jim enez et al., 2015) have been recently introduced to improve the quality of vegetable products. Foliar fertilization is a common crop-management strategy to maximize yield and fruit quality (Haytova, 2013) and help plants compensate for low soil fertility, nutrient uptake limitations, and nutrient fixation (Dada and Ogunsesu, 2016) . Common organic-mineral fertilizers used in plant fertilization are humic substances, which contain humic acid (Manas et al., 2014) .
Humic substances are the components of humus and as such are high molecular weight compounds that together form the brown to black hydrophilic, molecularly flexible, polyelectrolytes called humus. Humic acids comprise a mixture of weak aliphatic (carbon chains) and aromatic (carbon rings) organic acids, which are not soluble in water under acid conditions but are soluble in water under alkaline conditions. These substances play a vital role in soil fertility and plant nutrition (Ghabbour and Davies, 2001) . Humic acid has been applied both to the soil and as foliar sprays (Manas et al., 2014 production, and fruit quality of vegetable crops (reviewed by Haytova, 2013) . Foliar spraying with humic acid promoted growth, yield, and fruit quality of 'Demre sivrisi' sweet pepper (Karakurt et al., 2009 ) by increasing nutrient uptake and supplying mineral nutrients (Atiyeh et al., 2002; Unlu et al., 2011) . Salicylic acid is a natural growth regulator of vascular plants that influences several physiological and metabolic processes (Jayakannan et al., 2015: Rivas-San Vicente and Plasencia, 2011) , such as photosynthesis, transpiration, ion uptake, and transportation (Sahu, 2013) . Foliar application of salicylic acid may increase the yield of vegetable species by reducing stress-induced growth inhibition (Khan et al., 2015) . In general, humic and salicylic acids positively affect plant growth and development by acting as an organic-mineral fertilizer and a phytohormone, respectively. However, the responses of vegetable species and cultivars to either humic or salicylic acid application can differ significantly. Therefore, it is important to find the best treatment concentration in each case (Aghaeifard et al., 2016) . Few studies have investigated the effect of salicylic acid on the qualitative and quantitative traits of sweet pepper plants. Salicylic acid was applied as a foliar spray on greenhousegrown 'Twingo' sweet pepper (Elwan and El-Hamahmy, 2009 ), field-grown 'California Wonder' sweet pepper (Abou El-Yazied, 2011) , and 'Cadia' sweet pepper [as a presowing treatment (Hanieh et al., 2013) ]. In the present study, attempt has been made to assess the influence of foliar application of different humic and salicylic acid concentrations on the growth, productivity, and fruit quality of three red sweet pepper cultivars growing under greenhouse conditions.
Materials and methods
PLANT MATERIAL AND SEED GERMINATION. Seeds of three hybrid red sweet pepper cultivars of indeterminate growth habit (Barbero, Ferrari, and Imperio) were purchased from Enza Zaden (Voorst, The Netherlands). Seeds of the three cultivars were germinated in Styrofoam seedling trays under a controlled environment [25/18 ± 3°C (day/ night) air temperatures and 75% ± 2% relative humidity (RH)] for 6 weeks in greenhouse at the Agricultural Research and Experimental Station in Dirab, Riyadh, Saudi Arabia (lat. 46°44#E, long. 24°39#N).
Healthy and uniformly sized seedlings (three to four true leaf stage) were transplanted into greenhouse (65 · 10 · 3.5 m) ground soil 43 d after seed sowing. Soil analysis was carried out according to Chapman and Pratt (1961) and the main characteristics of soil are presented in Table 1 . The hydrometer method was used to determine of particle size analyses (Bouyoucos, 1951 ) was determined using a digital turbidity meter (DRT 100B; HF Scientific, Ft. Meyers, FL). Air temperature and RH were maintained at 26/ 19 ± 1°C (day/night), and 75% ± 2% RH, respectively. Irrigation and fertilization were started 7 d after transplanting and a drip irrigation system was used with dripper spacing of 0.5 m and a 4. Allen et al. (1998) and Harmanto et al. (2005) . Fertilization was applied as recommended in commercial sweet pepper production according to Maynard and Hochmuth (2007) . The total amount of nitrogen (N), phosphorous (P), and potassium (K) were applied at a rate of (kgÁha -1 ) 245 N, 122 P, and 664 K (Alsadon et al., 2013) . NPK fertilization (NH 4 NO 3 , H 3 PO 4 , and KSO 4 ) was applied by fertigation for each growth stage as follows (kgÁha -1 ): vegetative stage (66N-8P-54K), flowering stage (82N-46P-186K), and fruit development stage (97N-58P-424K). To encourage initial vegetative growth, the first crown flower and secondorder flowers were pulled from the plants of the three cultivars in all treatments. Lateral shoots and flowers, just above the cotyledonary node, were also removed. The training system was applied to form a plant structure of two main branches (Alsadon et al., 2013) to form a ''V'' trellising canopy system (Jovicich et al., 2007) . When pruning a main branch, only the flower on the branch node and its nearby leaf were left. After 21 d after transplanting, at 2-week intervals, all side branches were removed on the main branches to enhance upward growth and fruiting on trained main branches only. In addition, older leaves were removed from the lower parts of stems to allow for more air circulation and light within the canopy. The plants were supported using silk wires at a height x Cl -= chlorine, HCO 3 -= bicarbonate, SO 4 --= sulfate.
• April 2019 29 (2) of 2.5 m above the ground. There were no applications of pesticides, and the weeds were removed manually by hand pulling. (Elwan and El-Hamahmy, 2009 ). To attain maximum absorption of humic and salicylic acids, plant leaves were sprayed until dripping during morning hours (Karakurt et al., 2009 ). All sprays were done using a 10-L hand-held sprayer (STAR 10; Pompa A Pressicne, Vicenza, Italy). To prevent spray treatments of different concentrations from interfering with one another, a distance of 1 m was left between the spot of two applications.
M E A S U R E M E N T S O F P L A N T GROWTH AND FRUIT PHYSICAL TRAITS.
Plant growth parameters, including leaf area, stem length, and fresh weight, were recorded from 10 plants for each treatment 80 d after transplanting. The leaf area was measured using a portable area meter (LI-3000A; LI-COR, Lincoln, NE). Dry weight was determined after oven drying at 70°C for 48 h. For fruit physical traits, 10 fruit obtained from five plants were randomly selected from each treatment at the fifth harvest. Five fruit from each treatment were used to measure average fruit fresh weight (grams), fruit dimensions [length and diameter (centimeters)], and fruit flesh thickness (centimeters) using a Vernier caliper. The other five fruit were cut into slices, and a random sample (50 g) was dried at 70°C in an air-drying oven for 48 h. To determine fruit yield grades, fruit yield and the components of fruit yield, harvested fruit (at the full-red color stage) were weighed and separated into three grades, based on the fruit diameter scale used for greenhouse-grown sweet peppers (Jovicich et al., 2007) , as follows: small (< 65 mm), medium (65-75 mm), and large (>75 mm). In addition, total fruit yield (tonnes per hectare) and its components (i.e., number of fruit per plant and average fruit weight) were recorded after each harvest.
M E A S U R E M E N T S O F F R U I T NUTRITIONAL QUALITY TRAITS.
Five fruit were randomly collected from each treatment, homogenized in a kitchen blender, and used for the analytical determination of vitamin C content, total soluble solid content, titratable acidity, and total sugar content. The content of vitamin C was measured using the classic titration method with 2, 6-dichlorophenol indophenol solution and was expressed in milligrams of ascorbic acid per 100 g fresh weight [Association of Official Analytical Chemists (AOAC), 2000]. Total soluble solids were determined by a portable digital refractometer (PR-101 Palette Series; Atago Co., Tokyo, Japan), as described by C esar de O Charlo et al. (2011) . Titratable acidity was determined by titration of the fruit homogenate (5.0 g) with 0.1 M sodium hydroxide (NaOH) at pH 8.1, using citric acid as a control. Percentage of total sugars was determined using AOAC (2000) standard procedures.
EXPERIMENTAL DESIGN AND STATISTICAL ANALYSIS. The treatments were adopted in a factorial system in randomized complete block design, with three replications. Each treatment was established in three rows (replicates) spaced 1.0 m apart, with an intrarow spacing of 0.40 m. Each replicate had an area of 8 m 2 (1 · 8 m) and contained 16 plants. The experiment was conducted on 9 Sept. 2012 and repeated on 2 Sept. 2013. The mean values of the two experiments for two growing seasons are presented in this report. Statistical analysis was conducted using SAS statistical software (version 8.1; SAS Institute, Cary, NC). Mean separation was carried out using Tukey's multiple range test, with the significance threshold set at P £ 0.05.
Results and discussion

EFFECT OF HUMIC AND SALICYLIC A C I D S O N V E G E T A T I V E G R O W T H
TRAITS. Foliar application of humic and salicylic acids significantly (P £ 0.05) increased vegetative growth of the three red sweet pepper cultivars, as compared with the control treatment (Table 2 ). All growth parameters were significantly (P £ 0.05) influenced by cultivar, foliar application, year, and the interaction for cultivars with foliar treatments. However, dry weight was not significantly influenced by year. Leaf area and fresh weight were significantly (P £ 0.05) influenced by the interaction for cultivar and year (Table 2) . Salicylic acid at 1.5 gÁL -1 resulted in the highest mean leaf area, stem length, and fresh and dry weight in all cultivars, as compared with that in the other treatments. Control plants exhibited the poorest vegetative growth. 'Ferrari' plants exhibited more vigorous vegetative growth represented by higher plant leaf area and stem length than either 'Barbero' or 'Imperio' plants (Table 2) . These results are attributed to the genotypic differences among the three sweet pepper cultivars. Plant biomass has been shown to correlate with an increase of photo-assimilates, which determine the extent of dry weight distribution to sink organs (Dada and Ogunsesu, 2016) . Exogenous application of salicylic acid may influence a range of plant processes, including stomatal closure, ion uptake and transport (Gunes et al., 2005) , membrane permeability (Barkosky and Einhellig 1993) , and photosynthetic and growth rates (Khan et al., 2003) . In 'California Wonder' sweet pepper, salicylic acid has been reported to increase vegetative growth, photosynthetic pigments, mineral content, and endogenous auxin and cytokinin levels, while decreasing abscisic acid level (Abou El-Yazied, 2011).
Our results also indicated that red sweet pepper plants treated with humic acid exhibited significant increases in all vegetative growth traits as compared with the controls, but to a lesser extent than that achieved in the salicylic acid treatments. Humic acid has been reported to increase vegetative growth in several crops including potato [Solanum tuberosum (Alenazi et al., 2016) ], snap bean [Phaseolus vulgaris (Hanafy Ahmed et al., 2010) ], and 'Target NF1' tomato [Solanum lycopersicum (Yildirim, 2007) ]. The observed increase in growth of sweet pepper plants treated with humic acid could be due to its beneficial influence on soil physicochemical and biological properties (Asri et al., 2015; Brannon and Sommers, 1985) . Furthermore, this increase could be attributed to the nutrients supplied by the humic acid. Adani et al. (1998) and Asri et al. (2015) reported that the stimulating effect of humic acid on tomato plant growth has been attributed to the enhanced uptake of major nutrients (i.e., N, P, Fe, and Cu), whereas the enhanced availability of micro-and macronutrients may be responsible for increased fresh and dry leaf weight (Dursun et al., 2002; Eshghi and Garazhian, 2015; Salman et al., 2005) .
EFFECT OF HUMIC AND SALICYLIC ACID CONCENTRATIONS ON FRUIT YIELD TRAITS. Yield traits of the three cultivars of red sweet pepper were significantly (P £ 0.05) enhanced by foliar application of humic and salicylic acids. The percentage of large fruit was not significantly influenced by year, whereas the percentage of small fruit was not significantly influenced by the interaction for cultivar and year (Table 3) . The interaction between year with foliar treatments and their concentrations showed no significant effect for all yield traits (Table 3) . Salicylic acid treatments were, again, more effective than humic acid treatments. Application of 1.5 gÁL -1 salicylic acid produced the highest number of fruit, at 16.3, 17.8, and 16.7 fruit for 'Barbero', 'Ferrari', and 'Imperio', respectively, as compared with their control treatments (14.5, 16.5, and 15.2, for the three cultivars, respectively). Salicylic acid increased the percentage of large fruit, whereas it reduced the percentage of small and medium fruit. At 1.5 gÁL -1 salicylic acid application, 'Ferrari' had the highest percentage of large fruit (83.5%), yield per plant (3.59 kg), and total yield (89.89 tÁha -1 ), whereas 'Barbero' had the lowest percentage of large fruit, yield per plant, and total yield (56.8%, 2.94 kg, and 73.7 tÁha -1 , respectively). The increase in total yield of 'Barbero', 'Ferrari', and 'Imperio' is attributed to the increase in number of fruit per plant and the increased percentage of the larger fruit grades. Similar findings were also reported in 'Hybrid Ranco-365' chili pepper [C. annuum (Fathima and Denesh, 2013) ].
Generally, the foliar spraying method plays a vital role in improving the growth and yield of vegetable crops by increasing plant nutrient uptake and efficiency (Haytova, 2013; Souri et al., 2017) . In this study, the highest yields obtained using high concentrations of humic acid could be attributed to the latter's influence on essential nutrients, which improved plant growth and fruit yield (Adani et al., 1998; Alenazi et al., 2016; Dursun et al., 2002) . Furthermore, humic acid acts as a plant biostimulant that encourages plant growth by increasing hormonal activity within plant tissues (Serenella et al., 2002) . Both foliar or soil application of humic acid increased fruit fresh weight and total yield in 'Demre sivrisi' sweet pepper (Karakurt et al., 2009 ). Kazemi (2014) reported that fruit number per plant, fruit fresh weight, and total yield of tomato were improved by a foliar application of humic acid. EFFECT OF HUMIC AND SALICYLIC ACIDS ON FRUIT PHYSICAL TRAITS. Foliar treatments with humic and salicylic acids significantly (P £ 0.05) increased fruit physical traits with a varied response from the three cultivars tested (Table 4 ). The fruit physical traits were significantly influenced by cultivars, foliar treatments, year, and the interaction for cultivars and foliar treatments. There was no significant influence for the interaction of year with cultivars on all physical traits except for fruit diameter. 'Ferrari' treated with 1.5 gÁL -1 salicylic acid recorded the highest fruit length (10.11 cm), fruit diameter (10.08 cm), fruit thickness (0.68 cm), fruit fresh weight (202.41 g), and fruit dry weight (14.06 g), as compared with the control, as well as with the other two cultivars. Significant differences in the length, width, and thickness of sweet pepper fruit have been reported for various cultivars grown under field conditions (Cebula et al., 2015; Jadczak et al., 2010) . Buczkowska et al. (2014) described 'Caryca F 1 ' sweet pepper fruit as heavy fruit with a thick pericarp. Generally, pericarp thickness of sweet pepper fruit varies among different cultivars (Buczkowska et al., 2014) . Both the fresh weight and flesh thickness of fruit are considered quality characteristics of sweet pepper that largely affect their appearance and consumer acceptance (Buczkowska et al., 2014; Jadczak et al., 2010) . The differences in fruit weight are mainly attributed to variability among pepper cultivars. The average fruit fresh weight for 'Ferrari' (202.41 g) was similar to fruit weight reported by C esar de O Charlo et al. (2011) for 'Eppo F 1 ' sweet pepper fruit (200 g), but higher than those reported by Krstic et al. (2013) for several sweet pepper cultivars (39.22 to 157.91 g). In the present study, treatment with 1.5 gÁL -1 of salicylic acid recorded the highest fruit dry weight, at 12.25, 14.06, and 12.41 g for 'Barbero', 'Ferrari', and 'Imperio', respectively. These dry weight values varied significantly among the three cultivars. Buczkowska et al. (2014) reported that dry weight of sweet pepper fruit is determined according to cultivar Small fruit < 65 mm diameter, medium fruit = 65 to 75 mm diameter, large fruit > 75 mm diameter, 1 mm = 0.0394 inch.
x Values followed by the same letter in the same column are not significantly different at P £ 0.05 level, according to Tukey's range test. NS, *Nonsignificant or significant at P £ 0.05, respectively. characteristics. Our results indicate that the dry weight values for 'Barbero', 'Ferrari', and 'Imperio' were higher than those reported by Jadczak et al. (2010) , who found that the fruit dry weight in 'ISI 56511 F 1 ' and 'Roei F 1 ' sweet pepper plants were 7.36 and 10.29 g, respectively.
Humic acid treatment showed significant increase in physical fruit traits as compared with the control treatments for the three cultivars, but it was less effective than that observed in the salicylic acid treatment. Foliar application of 20 mLÁL -1 humic acid significantly increased fruit weight, length, and diameter of 'Target NF1' tomato (Yildirim, 2007) . However, Karakurt et al. (2009) reported that application of 20 mLÁL -1 humic acid (foliar or soil drench) had no significant effect on the fruit length or diameter of 'Demre sivrisi' sweet pepper.
EFFECT OF HUMIC AND SALICYLIC ACIDS ON FRUIT NUTRITIONAL QUALITY
TRAITS. Foliar application of humic and salicylic acids at the concentrations tested significantly (P £ 0.05) increased fruit nutritional quality traits of 'Barbero', 'Ferrari', and 'Imperio' red sweet pepper (Table  5 ). There was significant influence for cultivar, foliar treatments, year, and the interaction of foliar treatments with cultivars on all fruit nutritional quality traits. Salicylic acid at 1.5 gÁL -1 recorded the highest values of vitamin C at 200.8, 200.8, and 201 .4 mg/100 g fresh weight for 'Barbero', 'Ferrari', and 'Imperio', respectively, as compared with those in the control treatment, at 178.8, 187.2, and 181.2 mg/100 g fresh weight, for the three cultivars, respectively. Although the three cultivars showed increased content of vitamin C, variability in titratable acidity and the percentages of total soluble solids and total sugars prevailed. At 1.5 gÁL -1 salicylic acid, 'Barbero' recorded the highest percentage of titratable acidity (0.39%) as compared with the controls (0.32%), whereas 'Ferrari' and 'Imperio' recorded the highest total soluble solids (7.5% and 7.37%, respectively) and total sugars (7.18% and 7.05%, respectively), when compared with the controls (6.63% and 6.40% soluble solids; 6.0% and 5.48% total sugars, respectively). In general, salicylic acid treatment resulted in higher values than humic acid treatment for all fruit quality traits (Table 4) . Previous studies reported the improvement of fruit quality by salicylic acid treatment. Salicylic acid application at 0.4 gÁL -1 resulted in increased total soluble solids, total sugars, and ascorbic acid in 'Yolo Wonder' sweet pepper fruit (Mahmood et al., 2017) . Vitamin C, • April 2019 29(2) total soluble solids, and titratable acidity were also increased in 'California Wonder' sweet pepper fruit in response to salicylic acid treatment at 0.1 gÁL -1 (Abou El-Yazied, 2011). Application of salicylic acid (0.7 gÁL -1 ) as a presowing seed treatment increased titratable acidity, but decreased total soluble solids in 'Cadia' sweet pepper (Hanieh et al., 2013) . In the present study, fruit quality of sweet pepper was improved by applying salicylic acid at 1.0 to 1.5 gÁL -1 . Several studies reported that content of vitamin C, titratable acidy, total soluble solids, and total sugars in sweet pepper fruit are cultivardependent and influenced by growth conditions (Alsadon et al., 2013; Buczkowska and Najda, 2002; Buczkowska et al., 2014; C esar de O Charlo et al., 2011; Deepa et al., 2006; Jamio1kowska et al., 2016; Koner et al., 2015) .
Application of humic acid also improved fruit quality of 'Barbero', 'Ferrari', and 'Imperio' red sweet pepper when compared with the control group plants (Table 5 ). The content of vitamin C was the highest under the high humic acid concentration, in agreement with the observations of Giovanni et al. (2011) , who reported that applying humic substances improved vitamin C content of tomato fruit. In addition, Aminifard et al. (2012) found that the vitamin C content of humic acid-treated hot pepper fruit was consistently elevated, although not significantly. In general, the level of vitamin C in vegetable crops depends on several factors, including cultivar type, plant nutrition, and maturity (Aminifard et al., 2012) . Moreover, humic acid used in the present study included 12% K 2 O, and the effect of K on sweet pepper fruit quality might be related to the nutritional quality (Flores et al., 2004; Rubio et al., 2010) . The positive effect of humic acid on fruit quality also could be due to its indirect positive influence on the whole plant (Adani et al., 1998; Dursun et al., 2002; Fathima and Denesh, 2013) . Our results confirm previous findings by Yildirim (2007) and Shahmaleki et al. (2014) , who reported that application of humic acid (20 mLÁL -1 ) as foliar spray or a drench to the plant root zone increased values of total soluble solids and vitamin C in fruit of 'Target NF1' tomato, when compared with the control.
Conclusion
Foliar application of humic or salicylic acids significantly increased growth, yield, and fruit nutritional quality of 'Barbero', 'Ferrari', and 'Imperio' sweet pepper. 'Ferrari' showed significantly higher yield and productivity than 'Barbero' or 'Imperio.' Salicylic acid (1.5 gÁL -1 ) increased fruit weight, flesh thickness, and total yield by 15.9% to 27.7% depending on cultivar. In general, salicylic acid proved more effective than humic acid for the three cultivars tested. Therefore, we recommend the use of salicylic acid as foliar spray for enhancing the productivity and nutritional quality of red sweet pepper.
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